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ABSTRACT 

F o r  o v e r  1 0  y e a r s ,  O f f  s h o r e  N a v i g a t i o n ,  I n c .  ( O N 1  1 
h a s  o p e r a t e d  a n d  m a i n t a i n e d  n e t w o r k s  of HF p h a s e  
c o m p a r i s o n  m a r i n e  n a v i g a t i o n  s t a t i o n s  e m p l o y i n g  c e s i u m  
clacks. T h e  l a r g e s t  p e r m a n e n t  n e t w o r k  i s  i n  t h e  G u l f  
of M e x i c o  w h e r e  some f o u r t e e n  b a s e  s t a t i o n s  a r e  
c o n t i n u o u s l y  a c t i v e  and o t h e r s  are a c t i v a t e d  as n e e d e d .  
A s  t h e s e  HF p h a s e  c o m p a r i s o n  systems, w h i c h  o p e r a t e  on 
a s i n g l e  t r a n s m i s s i o n  p a t h ,  r e q u i r e  a c l o c k  on  t h e  
mob i l e  u n i t  as w e l l ,  t h e  O N 1  i n v e n t o r y  c o n s i s t s  of 
upwards of 70  c l o c k s  f r o m  t w o  d i f f e r e n t  m a n u f a c t u r e r s .  

T h e  m a i n t e n a n c e  o f  t h i s  n e t w o r k  as an  o p e r a t i n g  
system r e q u i r e s  a c o o r d i n a t e d  e f f o r t  i n v o l v i n g  c l o c k  
p r e p a r a t i o n ,  c l o c k  e n v i r o n m e n t  c o n t r o l ,  s t a t i o n  
p e r f o r m a n c e  m o n i t o r i n g  a n d  field s e r v i c e .  

EQUIPMENT CONFIGURATIONS 

T h e  O N 1  ACS ( A t o m i c  Clock S y s t e m s )  n e t w o r k  i s  
c o m p r i s e d  of t h e  base s t a t i o n s  shown i n  F i g u r e  1. I n  
a d d i t i o n ,  o t h e r  n e t w o r k s  may b e  e s t a b l i s h e d  t e m p o r a r i l y  
i n  v a r i o u s  coastal a r e a s  of t h e  U .  S .  a n d  elsewhere 
a r o u n d  t h e  world as r e q u i r e d  by t h e  o n - g o i n g  s e a r c h  for  
e n e r g y .  E a c h  of t h e s e  base s t a t i o n s  i s  c o m p r i s e d  
t y p i c a l l y  o f  a CW t r a n s m i t t e r  d r i v e n  by a s y n t h e s i z e d  
signal g e n e r a t o r  l o c k e d  t o  a c e s i u m  s t a n d a r d ,  A s  shown 
i n .  Figure 2 p r o v i s i o n  is  i n c l u d e d  f o r  a u t o m a t i c  
t r a n s m i t t e r  s w i t c h o v e r  s h o u l d  t h a t  u n i t  f a i l ,  a n d  
battery backup t o  keep t h e  CS standard a l i v e  d u r i n g  
power  f a i l u r e .  T h e s e  base s t a t i o n s  a r e  s i t u a t e d  i n  
l o c a t i o n s  t h a t  h a v e  all degrees o f  access, f r o m  easy t o  
d i f f i c u l t ,  i n c l u d i n g  o f f s h o r e  p l a t f o r m s .  



ON1 employs clocks manufactured by both HP and PTS. 
The model type and age distribution of these is broken 
down according to the following table: 

The mobile station con£ iguration, also shown in 
Figure 2, is comprised of a Cs clock and synthesizer 
providing local phase reference to a narrow band re- 
ceiver. The mobile equipment also has battery backup 
provisions for the clock. The oven is not generally 
necessary as the equipment is frequently in the condi- 
tioned equipment room of the vessel. 

The clock environmental chamber (oven) is actually 
an insulated plywood box fabricated at ONI. Equipped 
with a thermostatic heater the temperature of the clock 
inside is maintained at about 38+3'~(100+5~~), 
somewhat above ambient. Early base station huts were 
uninsulated and the higher temperature was what could be 
maintained easily. Figure 3 shows a picture of the oven 
and Figure 4 is a typical base station hut. 

Sixteen roving technicians, seven on call at all 
times, are strategically located from Florida to Mexico 
to perform normal maintenance and emergency repairs. 
Additionally, a helicopter is continually available for 
service calls to offshore platforms. 

CLOCK TYPES AND PREPARATION 



TYPE DATE PURCHASED QTY 

FTS 4000  

FTS 5 0 0 0  

FTS 4050  

TOTAL COMPLEMENT 

P r i o r  t o  t h e i r  deployment ,  c l o c k s  are r a t e d  i n -  
house  for  a minimum of 2 4  h o u r s  and,  f r e q u e n t l y ,  4 8  h o u r s  
t o  o b s e r v e  their g e n e r a l  stability and s u i t a b i l i t y  f o r  
f i e l d  u s e .  Any clock whose  l a s t  s e r v i c e  r e c o r d  is 3 
months or more old is  s u b j e c t e d  to a r o u t i n e  series of 
e l e c t r o n i c  c h e c k s  a t  v a r i o u s  t e s t  p o i n t s .  T h e s e  read- 
i n g s  are w r i t t e n  down and  kept as p a r t  of that u n i t ' s  
r e c o r d .  

At i n s t a l l a t i o n  time on b o a r d  ship, t h e  c l o c k  i s  
r a t e d  by the n a v i g a t i o n  o p e r a t o r  a g a i n s t  t h e  n a v i g a t i o n  
n e t .  F i n a l  a d j u s t m e n t s  t o  t h e  C - f i e l d  are made a t  t h a t  
t i m e  and the c l o c k  is l e f t  u n d i s t u r b e d  t h r o u g h o u t  t h e  
voyage ,  usually 14 days. A typical seismic operation 
may last from one, to many such voyages .  



BASE STATION PERFORMANCE MONITORING 

Base  s t a t i o n  p e r f o r m a n c e  is m o n i t o r e d  by t w o  
l a n d - b a s e d  "mob i l e "  s t a t i o n s  e q u i p p e d  w i t h  s t r i p  c h a r t  
r e c o r d e r s ,  e a c h  s t a t i o n  l o o k i n g  a t  a d i f f e r e n t  s e c t i o n  
of t h e  n e t .  Note t h a t  a b s o l u t e  a c c u r a c y  is n o t  
i m p o r t a n t ;  it is o n l y  n e c e s s a r y  t h a t  t h e  n e t  m a i n t a i n  
zero r e l a t i v e  d r i f t  of one s t a t i o n  w i t h  r e s p e c t  t o  
a n o t h e r .  The t r a n s m i s s i o n  m o n i t o r i n g  h e r e  is b a s i c a l l y  
across l a n d  a t  1700 kHz s o  one  c a n  e x p e c t  t o  see 
s u b s t a n t i a l  s h o r t  t e r m  v a r i a t i o n s  i n  r e c o r d i n g  d u r i n g  
t h e  c o u r s e  of a day .  T h e s e  may b e  d u e  t o  skywaves ,  
w e a t h e r  f r o n t s ,  etc. 

E f f o r t s  are made t o  o b s e r v e  t h e s e  r e c o r d i n g s  a t  
r e g u l a r  t i m e s  e v e r y  day and t h e r e b y  a s c e r t a i n  r e l a t i v e  
d r i f t ,  i f  any .  I t  is b e l i e v e d  t h a t  t h e  2 4  hou r  
o b s e r v a t i o n s  c a n  r e l i a b l y  d e t e c t  errors of -05 lane ( 2 5  
n a n o s e c o n d s )  of one  s t a t i o n  w i t h  r e s p e c t  t o  t h e  
"master". A t  p r e s e n t ,  when t h i s  amount is r e a c h e d ,  a 
t e c h n i c i a n  is d i s p a t c h e d  t o  t h e  s t a t i o n  t o  make a 
C-f i e l d  a d j u s t m e n t .  

Newly i n s t a l l e d  c l o c k s  r e q u i r e  c l o s e  a t t e n t i o n  f o r  
a b o u t  t w o  weeks.  T h e r e a f t e r  t h e  a v e r a g e  c l o c k  will 
r e m a i n  w i t h i n  p l u s  or minus 2 o n e  h u n d r e d t h s  of a l a n e  
( 1 0  n a n o s e c o n d s )  w i t h o u t  r e q u i r i n g  a C - f i e l d  c o r r e c t i o n  
f o r  6 t o  1 2  months.  A d j u s t m e n t s  t o  t h e  beam c u r r e n t ,  
s e c o n d  harmonic  c o n t e n t ,  and c o n t r o l  v o l t a g e  are 
p e r f o r m e d  o n c e  e v e r y  3 t o  6 months .  

P l a n s  are b e i n g  made t o  implement  a s e m i - a u t o m a t i c  
c l o c k  a d j u s t m e n t  scheme. T h i s  scheme employs " p h a s e  
m i c r o s t e p p e r s t t  s u c h  as t h e  A u s t r o n  2055A w h i c h  c a n  b e  
r e m o t e l y  c o n t r o l l e d  o v e r  t e l e p h o n e  or r a d i o  l i n k 2 g e s  t o  
implement  s t e p / d r i f t  c o r r e c t i o n s  as small as 1 0  
nanoseconds .  

FIELD PERFORMANCE SUMMARY 

Of t h e  49  a c t i v e  s t a n d a r d s  1 2  have  t h u s  f a r  
u n d e r g o n e  t u b e  r e p l a c e m e n t  a t  O N I .  ~ d d i t i o n a l l y  t h e r e  
h a v e  been 5 w a r r a n t y  r e p a i r s  e f f e c t e d  a t  HP. F i g u r e  5 



l i s t s  t h e  d a t e s  o f  p u r c h a s e  and  r e p l a c e m e n t  t o g e t h e r  
w i t h  t h e  a p p r o x i m a t e  months  o f  t u b e  life r e a l i z e d  
( n o n - w a r r a n t y ) .  Over  o n e - h a l f  of  t h e  c l o c k s  d a t i n g  
f r o m  1974 o r  ear l ie r  a r e  s t i l l  p e r f o r m i n g  with o r i g i n a l  
t u b e s .  Thus  o u r  a v a r a g e  r e a l i z e d  t u b e  l i f e  is 
s i g n i f i c a n t l y  g r e a t e r  t h a n  the 7 4 . 6  mos a v a r a g e  s e r v i c e  
l i f e  o f  t h e  f a i l e d  t u b e s .  

B y  way of c o m p a r i s o n  w e  f i n d  t h e  HP s t a n d a r d  
easier t o  s e r v i c e  and  more  u n i v e r s a l l y  u n d e r s t o o d  b y  
o u r  f i e l d  o p e r a t o r s .  T h e  FTS s t a n d a r d s  are more 
d i f f i c u l t  t o  r e p a i r  b u t  t h e y  come w i t h  a 5 y e a r  
w a r r a n t y  a n d  a p p e a r  more t e m p e r a t u r e -  s t a b l e .  W e  h a v e  
n o  q u a n t i t a t i v e  d a t a  t o  p r e s e n t  i n  t h a t  r e g a r d ,  
however .  

I n  o u r  e x p e r i e n c e  t h e  p a r t s  which f a i l  mos t  o f t e n  
i n  t h e  HP u n i t  a r e  l i s t e d  be low i n  o r d e r :  

1. 5 mHz o s c i l l a t o r s  
2 .  o p e r a t i o n a l  a m p l i f i e r  A 9  
3. s y n t h e s i z e r  A 1  
4 .  m u l t i p l i e r  A 3  
5.  o v e n  c o n t r o l l e r  

Troubles w i t h  the FTS units apDear primarily power 
s u p p l y  r e l a t e d .  S i n c e  a l l  FTS u n i t s  a re  i n  w a r r a n t y ,  
n o  f a i l u r e  r e c o r d s  are on hand .  

S e v e r a l  a s p e c t s  of  c l o c k  o p e r a t i o n  and  m a i n t e n a n c e  
are p e r h a p s  p e c u l i a r  t o  o u r  o p e r a t i n g  e n v i r o n m e n t  a n d  
w i l l  b e  d e s c r i b e d  h e r e  b r i e f l y .  

R e c e n t l y  HP h a s  recommended h i g h e r  C - f i e l d  l e v e l s  
a t t e n d a n t  t o  o p e r a t i n g  w i t h  t h e  h i g h e r  Zeeman f r e q u e n c y  
o f  5 3  kHz as o p p o s e d  t o  t h e  o l d e r  4 2  kHz. Though t h e s e  
may be some improvement  i n  s t a b i l i t y  w i t h  t h i s  
m o d i f i c a t i o n  t h e  C - f i e l d  a d j u s t m e n t  r e s o l u t i o n  is 

-14 d e c r e a s e d  t o  8-10 -I4 f r o m  i t s  p r e s e n t  5 X 1 0  . 
O N 1  t h u s  would  r u n  t h e  r i s k  of  h a v i n g  f i e l d  o p e r a t o r s  
make i m p r o p e r  C - f i e l d  a d j u s t m e n t s  d e p e n d i n g  upon 
w h e t h e r  o r  n o t  t h e i r  p a r t i c u l a r  c l o c k  had b e e n  
m o d i f i e d .  This we h a v e  c h o s e n  n o t  t o  do as t h e r e  were 
plenty o f  m i s t a k e s  made some years a g o  when t h e  C - f i e l d  
r e s o l u t i o n  w a s  a g a i n  c h a n g e d  by  H P .  



A common o c c u r r e n c e  i n  s h i p b o a r d  o p e r a t i o n s  is the 
s w i t c h i n g  o f  s h i p ' s  g e n e r a t o r s  o n - l i n e .  T h i s  a c t i o n  
f r e q u e n t l y  r e s u l t s  i n  s e v e r e  power s u r g e s  o f  t h e  AC 
l i n e .  A s  t h e  5061A oven  c o n t r o l  o p e r a t e s  f r o m  t h e  
u n r e g u l a t e d  s u p p l y  v o l t a g e  it is a f r e q u e n t  c a s u a l t y  i n  
t h e  mobi le  s y s t e m s .  

A l l  c l o c k s  have been e q u i p p e d  w i t h  S o n a l e r t  
a u d i b l e  alarms i n d i c a t i n g  power or logic f a i l u r e .  T h i s  
w i l l  a l e r t  t h e  m o b i l e  o p e r a t o r  i m m e d i a t e l y ,  e v e n  i f  h e  
i s  i n  a n o i s y  e n v i r o n m e n t ,  as h e  c a n n o t  a l w a y s  o b s e r v e  
t h e  c l o c k  i t s e l f ,  

W e  h a v e  had s e v e r a l  i n s t a n c e s  where in  t h e  s t a n d a r d  
was s t o r e d  w i t h o u t  power f o r  e x t e n d e d  p e r i o d s .  I n  
t h e s e  cases, w i t h  t h e  i o n  pump i n o p e r a t i v e ,  t u b e  
l e a k a g e  c a n  become so g r e a t  t h a t  s u b s e q u e n t  o p e r a t i o n  
is  i m p o s s i b l e .  I n  two  c a s e s  of r o u g h l y  s i x - m o n t h s  
i n a d v e r t e n t  s t o r a g e ,  t h e  t u b e s  were u n r e c o v e r a b l e .  

I n  a t h i r d  case t h e  s t a n d a r d  was a c a s u a l t y  o f  a 
s e v e r e  f i r e  a b o a r d  s h i p ,  t h e  i n s i d e s  a n d  o u t s i d e s  o f  
t h e  i n s t r u m e n t  becoming c h a r r e d  and  f i r e  b l a c k e n e d .  
T h e  u n i t  was s u b s e q u e n t l y  d i s m a n t l e d  and  l e f t  i n  p i e c e s  
a r o u n d  t h e  s h o p  f o r  o v e r  a y e a r  w h i l e  t h e  t e c h n i c i a n s  
worked  t o  r e f u r b i s h  it i n  s p a r e  t i m e .  T h e  Ces ium tube 
was r e i n s t a l l e d  i n  t h e  r e f u r b i s h e d  u n i t  and  r e j u v e n a t e d  
w i t h  a h i g h  v o l t a g e  power s u p p l y .  T h a t  u n i t  is now 
f u l l y  f u n c t i o n a l  and  s e r v e s  as o u r  i n - h o u s e  s t a n d a r d .  

Summary 

T h e  C e s i u m  s t a n d a r d  h a s  p r o v e n  t o  be a r e l i a b l e  
componen t  i n  p r o v i d i n g  a system of n a v i g a t i o n  not 
a c h i e v a b l e  by o t h e r  means t o  d a t e .  Whether  o r  n o t  GPS 
r e c e i v e r s  c a n  p e r f o r m  as r e l i a b l y  a n d  e c o n o m i c a l l y  
r e m a i n s  t o  b e  d e t e r m i n e d .  With  i t ' s  c o m p l e t e  i n - h o u s e  
service c a p a b i l i t y ,  O N 1  w i l l  b e  m a i n t a i n i n g  it's c l o c k s  
fo r  y e a r s .  







THERMOSTATICALLY-CONTOLLED OVEN FOR C s  STD. 



FIGURE 4 

TYPICAL REMOTE BASE STATION INSTALLATION 
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UNrTli D@..I.L/PURCH DATE/REPL N~L-NQL 
007 12/13/71 09/24/81 117 

009 10/01/71 07/28/75 46 

011  04/05/72 06/12/81 110 

014 r)7/06/72 04/08/80 93 

015 08/03/72 08/16/98 72 

016 11/10/73 09/02/81 94 

017 11/10/73 @5/20/76 31! H , P ,  W A R R A N T Y  

020 02/01/74 09/27/79 67 

021 02/01/74 06/25/80 76 

022 02/01/74 10/25/76 32 ti , F , ~ J A R R A N T Y  

023 02/01/74 OE/20/80 76 

024 02/01/74 11/08/77 45 H , F ,  W A R R A N T Y  

025 02/01/74 12/09/76 34 H , P I!ARRANTY 

025 07/17/79 3 1  

029 04/30/7L! 02/16/79 58 

031 05/08/74 02/14/77 33 tl F P J A R R A N T Y  

031 11/19/81 55 
AVERAGE 74,6 

CES IUN BEAM TUBE REPLACEMENT SUMMARY 

FIGURE 5 



DR. LESCHIUTTA, Torina,Italy 

Two questions, one your CW positioning system, is it similar to 
DECCA? Is the CW system hyperbolic? 

MR. CHRISTY: 

Well, some CW systems are hyperbolic. In fact, DECCA offers one 
and there was a system hyperbolic rated which was CW, But, no, 
this is the technique called Rho-Rho or Range-Range. So you carry 
your reference with you, that i s  why you t a k e  a clock along on the 
m o b i l e  unit. 

DR. LESCHIUTTA: 

The second one, how do you cope with the skywave signal? 

MR. CHRISTY: 

The skywave signal in high frequency navigation systems cannot 
normally be coped with, you cope with it by simply not going out 
that far, past 130 nautical miles at nighttime. 

And that is true of virtually all high frequency base corn- 
parison navigation systems by any manufacturer. 




